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ABSTRACT

This report describes the results of chamber tests of new
carbon clothing. Three types of carbon clothing were studied: coated,
impregnated and carbon-rayon.

(ne modifiecation each of the coated and impregnated types
gave protection comparable to that given by CC~2 impregnated clothing
in similar tests. OSeveral modifications of the carbon-rayon type gave
protection superior to that given by CC-2 impregnated clothing in
similar tests.

The protection given by carbon clothing against HN-1 vapor was

of the same order as that given against H vapor, CC-2 clothing gives
very poor protection spainst HN-1 vapor.

\
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INTRODUCTION

As Authorization

1, This work was authorized under Project 547/hL, "Mairicnance,
Bureau of Ships", dated 16 December 1940, The problems which were pro-
posed for study were given in Bureau of Ships letter S-377-2(Dz), Serial
811, of 17 December 1910,

B. Statement of Problem

2. This investigation was undertaken as a continuvation of the eval-
vation of the protection against vesicant vapors afforded by new clothing
containing activated carbon,

C. Xnovn Facts Bearing on the Problem and Theoretical Considerations

3. Carbon cloth may be divided into three typex, depending on the
method used for incorperating the carbon in the fabrie. These are the
coated, impregnated and symvhetic fiber types. The coated type is rela-
tively easy 10 manufacture but can only be made in piece goods. Some
difficulty has been oxperienced in sewing this type of cloth because of the
hard abrasive layor of carbon. The cloth also tends to Yerock", thereby
losing its protective value through loss of carbon. The impregnated type
is also relatively easy to manufacture, since cloth or garments can be
impregnated by methods similar to those used at present for CC-2 impregna-
tions. The synthetic fiber type, in which the carbon is incorporated
directly in the fiber, is the most difficult to manufacture and thercfore
is tho most expensive, Also, volume production of this type is more limited
due to the more specialized cquipment required. However, in somo respects
it is preferable to the other types sinece the material does not “crockh,

a high percentage of carbon can be incorporated in the cloth and still givoe
2 cloth with a good "hand" and appearance, groater uniformity of carbon
content can be obtained and the carbon is not readily rcmoved by laundering.
Early difficulties in the preparation of carbon cloths due to poisoning of
the carbon during manufacture of the cloth or fiber, as well as many other
technical difficulties, have been largely overcome through the studics of
NDRC investigators.

L. Two modifications of the coated type were studied in this investi-
gation, the August 1943 Model and $-38., Four modifications of the impregna-
ted type were studied, R & H (Rhoplex), casein, improved casein and methocel.
NRL Report No. P-2322, "Evaluation of Activated Carbon As An Anti-Vesicant
Agent in Protective Clothing®, desecribes the composition of some of these
cloths, Seven modifications of the synthetic fiber type were studied. Most
of these are described in NRL Report No, P-2655, "Evaluation of Carbon-Rayon
Protoctive Fabrics®.

D. Previous Work Done at This Laboratory

5. This report is the fourteenth of a series on WChamber Tests with
Human Subjects® in which the results obtained in the evaluation of various
protective equipment against the vesicant effects of persistent chemical
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warfare agents are reported. The fourth, fifth and thirteenth reports of
the scries, NRL Reports Nos. P-2239, P-2l6l, and P-260) describe earlicr
work on carbon clothing. NRL Report No. P-2510, "Methods for the Detor-
mination of the Vesicant Agent Content of Contaminated Carbon Clothing®,
gives the procedures employed for analysis of the vesicant agent contont
of the clothing described in this report. NRL Report No. P-2570, 'The
Persistence of H and HN on Carbon Clothingh, gives data on the persistence
of agents on carbon cloth under various conditions of storage. NRL Re-
ports Nos. P-2322 and P-2655, mentioned above, present additional studies
on carbon clothing including summarized chamber data.

EXPERIMENTAL
A. Proccdure

6. The chamber used in these tests and its operation are described
in NRL Report No, P-2208. The mcthod used for testing carben clothing was
similar to that used for CC-2 impregnated clothing, described in ecarlier
rcports of this series, with the difforence that the carbon clothing was
worn continuously during the tests whoreas tho CC-2 impregnated clothing
was not.

Te The chamber tests were conducted as follows: The subjects, al-
ways dressed in the same suits and accessories, werc given successive daily
exposuros to the vesicant vapor in the chamber at 90°F, 65% R.H. and 2-2.5
m.p.h. wind vcelocity. In tests with H, exposures were gencerally at a CT

of 1200 (20YH/1. for 60 min.) and in a fow tests, at a CT of 2400 (LO YH/L.
for 60 min.). In the test with HN-1 the oxposurcs werc at a CT of 2000
(33.3 yHN—l/l. for 60 min.). The carbon clothing was worn continuously
during a test except for readings. The men were examined and rcad by the
Medical Officer beforc each exposurc, and cach subject was withdrawn from
the test when he had incurred a reading of B (intense crythema) or greater
on any part of the body. The successive daily exposures were continued
until all the men had "broken™ or were withdrawn by the Medical Officer

for other reasons. The average number of oxposures toleruted was used as
the criterion of protection afforded during a particular test.

8. Each man exposcd to H vapor in the chamber was cquipped with the
following:

(a) Navy diaphragm maslk, Mark IV (with CC-2 impragnated slecves
on tho hose connecting tubes).

(b) Carbon cloth suits.

(¢c) Two pairs of CC-2 imprognated socks.

(d) One pair of CC-2 imprognatced wool elbow length gloves.

{(c) CC=2 imprognated shorts for 1-1/2 layer tests, plain shorts
for 1 layer tests.

(£) Plain undershirts (skivvies).

(g) Overshoes (Arctics).

[N}
!
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In some of the early tests, S-330 Protective Ointment was applied to the
face and neck. This was discontinued vhen it was found (see NRL Rcport
No. P-260L) that the use of ointment decrcased the protection given by
carbon clothing. 1In several cases a special CC-2 impregnated or carbon
cloth collar was worn around the neck after a man sustained an intense
erythema of the neck so that he could continue the test without further
damage to this area. This was done since a neck burn was not considered
a legitimate suit Ybreak" when ointment was used in the test.

9. ' In the tests with HN-1, the CC-2 impregnated shorts, gloves and
socks werc replaced with carbon cloth shorts, mittens and socks, raspec—
tively.

10, In the test of carbon-rayon #166, sufficient cloth was not avail-
able to make the number of suits nccessary for a standard test. The pur-
posc of this test was primarily to obtain a comparison with carbon-rayon
#176. Therefore, since most of the "breoks" with carbon clothing occur on
the shoulders and upper back, a section about one foot square was cut out
of carbon rayon #176 suits in the arca of onc shoulder and the upper back
and replaced by a carbon-rayon #1606 patch. The other shoulder thus scrved
as a control.

11. In order to test the effect of desorption of vesicant from the
cloth at the time of a "break" in two of the tests the suits werc put on
and worn continuously by new unexposed mon immediately after the suits
proke". These men wore the clothes wndor normal room conditions and were
not given additional exposures. These desorption tests wers continued until
the new men "broke" or until it was considered that desorption was not pro-
nounced.

12, Samples were taken {rom the suwits from time to time during the
course of most of the tests and analyzed for vesicant agent "pick-up* by
methods described in NRL Report No. P-2510, The samples were usually cut
with a 1 em.2 die from the pockets of the jumpers.

B. Results and Discussion of Results

13. All but one of the tests of carbon clothing in the large chamber
woro with H vapor. The data for these tests ure presented below according
to the type of elothing used. The one test with HN-1 was carried out using
carbon-rayon #110 and is described after the tests with H.

(1) Carbon-Coated Cloth

1l Testy of two modifications of carbon-coated cloth were carried out.
The tesgts of Aug. Model clothing were reportod in NRL Report No. P~2239,

The tost using S-38 clothing was carried out as a standard "man-break" test,
and samples from the pockets of each suit were removed for analysis by both
the DB-3 and NaOCl methods. The data obtained in these tests are presented
in Tables I and II. MNore complete data on the S-38 test are presonted in
Tables XIT and XXVII in the Appendix.
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Table I

Carbon~Coated Cloth - Physiological Data

Conditions; H at CT 1200 (40 min,); 90°F, 65% R.H.

Cloth Type of No. of No. of Av. No. of Exp. Av. Total CT
odification Test Men "Breaks! Tolerated Tolerated
Aug. Nodel 1 layer L 2 3.0+ 3600+
5-38 1-1/2 ® 7 7 6.0 72G0

Table II

Carbon-Coated Cloth — Analytical Data

Teotal "Pick-up" in y H/cm.2 - NaOC1l Method.

Cloth Exposure Number
Modification 1 2 3 L> 5
Aug. Model 26 38 32 50 58 -
S-38 (L)% 17 (L)x 37 Lh L6

s+ DB=3 Method.

15, The data in Table I show that the S-38 clothing was superior to
the Aug. Model in the protection it afforded. The valuc of 6.0 exposures
is comparable to the average valuc of 6.1+ exposures tolcrated for (C-2
impregnated clothing. (See NRL Report No. P-2602). The S-38 suits have
the disadvantage of being quite stiff and do not soften readily on wear.

16. Assuwning a linear relationship between H "pick-up" and number of
axposures, a plot of the data in Table IT indicates that the Aug. Model
suits picked up 12-15 yH/cm.2/exp., and the 5-38 suits picked up 8.5y

ems2/cxp, No explonation is available for the low values obtained by
the DB=3 method.

(2) Carbon Impregnated Cloth.

17, Three tests of two binder modifications of carbon impregnated
cloth were carried out. They werc the casein, improved casein ani meth-
occl systems. All tests were carried oubt as standard 1-1/2 layer "man-
broak!" tests at CT 1200, Samples from the pockets of all the suits in the
casein and methocel tests were analyzed for K "pick-up" by the NaOCl method.
The results of these tests are swmmarized in Tables III and IV. More com-
plcte data are given in Tables XIII through XV and XXVII in the Appendix.
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Table III

Carbon Impregnated Cloth - Physiological Data

Conditions: H at CT 1200 (60 min,); 90°F, 65% R.H.

Cloth Type of No, of No. of Av. No. of Exp. Av. Total CT

Modification Test Men Breaks Tolgrated Tolerated
Casein 1-1/2 layer 7 6 7ol 8520+
Improved 1-1/2 8 8 2.0 2100
Casein
Methocel 1-1/2 7 6 3.7+ Lllo
Table IV

Carbon Impregnated Cloth - Analytical Data

Average Total "Pick-up" in YH/cm.2 - NaOCl Method.

Cloth Exposurc Number
Hodification 1 Z 3 i EEE 1
Cascin 28 - kS - 83 - 86
Methocel 5 22 W Ly - - -
18. The data in Table III show that the casein-carbon imprognatod

cloth geve protection which comparas very favorably with the combined
avorage of 6.1+ exposures for CC~2 impregnated cloth (25% binder). How-
ever, the cloth was very stiff and did not soften readily on wearing. In
an attempt to overcome this difficulty, the improved casein formulation was
uscd giving suits with a much botter “hand", but, as can be seon from
Table III, giving much lower probection. Although analytical data is not
available, visual inspcection showed thot the improved cascin suits hed a
much lowor carbon content than the oldor coscin suits. Undoubtedly this
is the reason thc protecetion was so much poorer. The mothoccel suits gave
less protection than that given by CC-2 impregnated suits for this type
of test.

19. Afssuming a lincar rclationship between H UYpick-up" and number of
cxposures, & plot of the data in Table IV indicates that the cascin suits
"picked-upt 16 Y H/em.2/exp. and the methocel suits 12 v H/em.2/ oxp.

(3) Carbon-Rayon Cloth

20. A number of modificetions of carbon-rayon cloth have boen tested.
lost of the tests wore conducted as 1-1/2 layer "man-break® tests, In view
of the difficulty of kecping men in a long test of this nature, somc of the
tosts wore carried out 2t a CT of 2400 (60 min.) per exposurc instead of
the usual 1200. Thotest with carbon-rayon #166 was a shoulder pateh test
as deseribed in the Procedure. One of the pockets in the carbon-rayon
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#176 suits used in this test was rcplaccd by carbon-rayon #166 cloth so that
samples for analysis might be removed from thom during the coursc of the
test.  Samples from the other pocket (176) were also removed for enalysis.
In the tests of Costa rayon and the first test of carbon-rayon #110, samples
for analysis were taken from 6 different arcas of the suits after the suits
werc removed from the test, 1In 2all other casos samples were taken from the
pockets of all or ncarly all tho suits in a teet. Both the %aQCl and DB-3
methods were used. The physiological results are summarized in Tables V
and Vi. More complete data are givon in Tebles XVI through XXV and XXVII
in the Appendix. The analytical results arc summarized in Tables VII and
VITI.

Tabla V

Carbon-Rayon Cloth - Physiological Data

Conditions: CT 1200 or 2400 (60 min.); 90°F, 65% R.H.

Cloth Type of GT of No. of No. of Av, No. of Exp, A4v. Total
Modification Test Exp. Mon tBreakst Tolerated CT Tol.
Costa 1 layer 1200 N L 6,0 7200
Costa 1-1/2 v 1200 4 3 6454 7800+
110 1-1/2 * 1200 6 ) 5.3 6360
18 1-1/2 v 1200 I 2 105+ 12600+
176 1-1/2 ¢ 2}00 8 7 lie 5+ 10800
191 1-1/2 " 2400 7 7 L. 10560
193 1-1/2 v 2400 8 7 b9+ 11760+
166 Shoulder Pateh 200 L 3 2.0+ 1;800+
21. The data in Table V show that carbon-rayon #1148, 176, 191 and 193

arc comparable in tho protection they afforded and arce supcrior to the other
modifications. The Costa and carbon-rayon #110 contain N-Ll carbon whereas
the earbon-rayon #1148 and #176 contain N-182 carbon and the carbon-royen
#91 contains PCI carbon. It eppoars, thercfore, that N-hl carbon is infer-
jor to tho othor two in the proteetion it affords in carbon-rayon cloth.

The N=-182 and the PCI carbons cppear to be comparable sincc the carbon con-
tont and weave of the carbon-rayon 176 and 191 aru cssentially the same.

22, The cffect of the amount of carbon in the carbon-rayon fiber on
tho protcction given can be secn from the results of thres of the tests with
carbon~reyon ¢loths which differ only in the percent of carbon present in
the fibor. The data are summarized in Table VI.

Tableo VI

Effect of Percent Carbon in Cerbon-Rayon Fiber

Carbon~Rayon % Carbon in No. of Exp. Total CT
Typa Rayon Fiber Tolerateds Tolcrated
32 L5+ ~INBo0F

193 28 Lo+ 11760+

166 22 2.0+ L8004+

#Scec Table V.
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From tho results given in Table VI it appears that a carbon content of 283
or more gives essontially the same protoction but that somewhere between
28% and 22% the protection begins to drop off. For mechanical rcasons it
would be desirable to have the smallest amount of carbon in the fibor and
still retain maximum proteection,

23, Table VII is a summary of the analytical data obtained in the
carbon-rayon tests. Table VIII presents the H "pick-up"™ rate of tho various
cloths as measured by the NaOCl method only. These values were obtained
from plots of the data presented in Toble VII assuming a linear rclationship
between "pick-up" and number of exposures.

Table VII

Carbon-Rayon Cloth - Analytical Data

Average Total "Plek-up" in yH/cm.2 - NaOCl Method Unless Marked.

Cloth CT of Exposurc Number
Yodification Exp, T 2 3 L 5 6 1 8 ¢ 10 1II 12
Costa 1200 - 30 71 - =9
110 1200 8 22 2138 L2 39
148 1200 21 26 3L 73 7376 83 99 109 112 114 155
1L8x% 1200 13 2L 3361 87 70 69 88 100 71 89 75
176 2400 - 64 - 147
191 2400 ~« 71 - 132
193 2000 « 61 - 142
166 24,00 29 55
1763 2400 27 57

s DB=3 Method on somples taken nt the seme time and from the sanc suits
25 thosc used for the NaOCl Mcthod.
s Same tost as earbon-rayon #166. Scmples removed from other pocket.
Table VIIT

Carbon-Rayon Cloths - H "Pick-up" Rate

Cloth CT of Exp. ylvbm.z/bxp. ¥ H/em,2/1200 CT
Modification
Costa 1200 17 17
110 1200 9 9
11,8 1200 13 (11%) 13 (11x%)
176 2L,00 35 (30u) 18 (15w%)
191 2,00 35 18
193 21,00 35 18
166 21,00 30 15
#* DB-3 Hethod.
w From carbon-rayon #166 test.
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2l From the data in previours tables it can be seen that, with the
exception of carbon-rayon #110 and S-38 carbon-coated cloths, the Upick-
up" per unit CT is fairly constant., Thersfore, it is obvious that no def-
inite relationship exists between "pick-up! and protection given. The
slightly lower values obtained by the DB-3 method for the carhon-rayon #1468
are probably due to gradual hydrolysis of the agent on the cloth during the
test. It is rather surprising that the "pick-up® of the carbon-rayon #176
and #166 are the same considering the difference in carbon content of the
two cloths.,

(4) Desorption Tests

25, Two sults from the l-layer Costa-rayon test were put on by new men
immediately after they were “broken!, After 3 days of wear one man had
vesication of the neck and scrotum; the other man had no significant burns
after 5 days of wear., (See Table XVII in the Appendix). The 8 suits from
the carbon-rayon #LL48 test were all tested for desorption by the same method.
After 3 days of wear the men averaged a moderate erythema for the maximum
reading (see Table XXI in the Appendix). It is obvious that a significant
degroe of desorption occurred from the suits which had been "broken" under
the test conditions used. Chemical tests (unpublished data) have shown
that the leakage of H vapor through a good type of carbon cloth is negli-
gible, so that the burns sustained in a regular Yman-break' test result
largely from desorption rather than leakage. This desorption represents
one of the disadvantages of carbon cloth over chemically impregnated pro-
tective cloth,

(5) Test with HN-1

26. One of the advantages of carbon cloth over CC-2 impregnated cloth
is the much greater protection it may afford against vesicants in general.
NRL Report No. P-2L6k gives data obtained in the arm chamber demonstrating
this advantage. In order to obtain data in the large chamber a 1-1/2 layer
test was run using HN-1 at a CT of 2000 (60 min.) and carbon-rayon #110
suits., At the end of the test samples from all the suits were analysed for
HN-1 "pick-up" by the AgNO3 methods The results are summarized in Table IX.
More complete data are givén in Tables ZXVI and XXVII in the Appendix.

Table IX

Garbon-Rayon #110 - Test with HN-1

No. of No. of Av, No, of Bxp. Av. Total

Men  "Breaks! Tolerated CT Tolerated _yHN-l/bm.z/éxp.
6 5 5.0+ 10,000+ 77

27, From Tables V and IX it can be seen that carbon-rayon #110 gave

protection against HN-l at a total CT of 10,000+ and against H at a total
CT of 6360, CC-2 impregnated suits (25% binder) protect agalnst 7320+ CT
of H under comparable conditions of testing, whereas, in a test with HN-l
under summer conditions, CC~2 suits did not glve adequate protection at
cT LOO.
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28. The abnormally high "pick-up? of HN-1 in this test is to be
noted. Tt was found in arm chamber tests (sece NRL Report No. P-2LélL)
that the "pick-up" of HN-l or HN=3 was higher than the "pick-up" of H.
No satisfactory explanation has been found for this phencmenon.

C. General Discussion

29. Many factors must be considersd in a comparison of carbon cloth-
ing and CC-2 impregnated clothing. Direct comparisons are not always pos-
sible since the mechanism of protection is different. A few of the advan-~
tages and disadvantages of esach ars presented below.

30, The much greater protection afforded against HN-l by carbon-rayon
cloth than by CC-2 cloth has been demonstrated., This property of carbon
cloth, its ability to protect against vesicant agents other than H, is

one of its most promising features. Even against H, the protection af«
forded by carbon-rayon #1148 in a standard 1-1/2 layer "man-break" test

at CT 1200 was 10.5+ exposures, whereas for CC-2 clothing the average was
6.1+ exposuras.

31. A strict comparison of the protection on a total CT of cxposure
basis cannot be made hetween carbon cloth and CC~-2 impregnated cloth
since it has been shown (see NRL Report No. P-2528) that the protection
afforded by new SC~2 impregnated clothing is more a function of the time
of exposure than the CT of exposure. A comparison of the results obtained
with carbon-rayon #1L8 and #176 (which arc essentlally the same) indicate
that the total CT of exposure is more important than the time of exposure
in the protection afforded by carbon cloth.

32, It was pointed out in NRL Report No. P-2603 that, due to the
unusual leakage characteristics of CC-2 cloth, the individual “breaks®

in any given "man-break" test occur over a wide numbér of exposures. As
can be seen in Table XXVII in the Appendix, this is not truc for carbon
clothing, sinco the "breaks™ in any given test arc grouped closely. Fur-
thermore, while the "breaks" with CC-2 clothing arc usually gradual, the
preaks" with carbon clothing are more abrupt. It appears, thcrefore,
that since new carbon cloth does not show leakage as measured chemically,
a fairly definitc loading of agent must be obtained on any given type of
carbon cloth before desorption becomes important. The deosorption of agent
is onc of the disadvantages of carbon cloth, since a contaminated garment
remains a potential hazard for some time.

be poisoned by a number of substances, thus decreasing its protoctive value.
For example, as shown in NRL Report No. P=260L, oil, S$-330 Protective Oint-
ment and water all have a deleterious effect on carbon clothing. In the
test with carbon-rayon #1U8 described in the present report five of the
original eight men had to be rcmoved from the test due to neck burns be-
cause ointment was used in the test (sce Table XX in the Appendix).

B. A further disadvantage of carbon clothing is that the carbon may 1

34. A comparison of carbon and CC-2 clothing in regard to such factors
as ease of regeneration, reimpregnation, laundering, wearing life, cte.,
will be presented in other reports on carbon clothing now in proccss of
preparation.
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SUMMARY AND CONCLUSIONS

L. Chamber tests with H and HN-1 have been conducted to evaluate
the protection afforded by new carbon clothing., Three types of carbon
clothing were studied, coated, impregnated and carbon-rayon. Samples from
the clothing were analyzed during the tests to determine agent "pick-up'.

2y Model S-38 carbon-coated cloth gave protection comparable to
CC-2 impregmated cloth, i.e., 6.0 vs., 6.1+ exposures, respectively.

Re Three modifications of carbon impregnated cloth were tested
against H, Of these, the casein system gave protection for 7.1+ standard
exposures, the Methocel system for 3.7+ and the improved casein system
for 2,0, The improved casein cloth was softer than the original casein
cloth but contained insufficient carbon to give comparable protection,

3. Seven modifications of carbon-rayon cloth were tested against

H in the chamber. Of these, carbon-rayon #1.48, 176, 191 and 193 gave com-
parable protection (10500-12600 CT). This was considerably better than that
given by the other types of carbon cleth or CC~2 impregnated cloth. From
the test with carbon~-rayon cloth the following conclusions were drawn:

(a) The total CT of exposure was more important in the pro-
tection afforded by new carbon cloth than the time of exposure.

(b) Carbon-rayon cloth containing N-182 carbon gave greater
protection than cloth containing N-l), carbon. Cloth containing PCI carbon
gave protection comparable to that containing N-182 carbon.

(c) In carbon-rayon tloths which differ only in the percent
of carbon in the fiber, those with 28% and 32% carbon gave the same degree
of protection while one containing 22% carbon gave considerably less pro-
tection. A carbon content of 287 or less therefore, would be the most
desirable, since greater wearing life can be obtained with a lower carbon
content.

g, The individual "breaks" in given tosts with carbon clothing
were abrupt and grouped closely togcther. This was in contrast to the
"hreaks! obsorved with CC-2 impregnated clothing which were gradual and in
any one test range over a considerable number of exposures.

G4 Two modifications of carbon-rayon cloth were tested for desorp-

tion by wear only immediately after they were "broken" in the standard "man-
break" tests. Significant burns resulted in both tests, showing that vapor

contaminated carbon cloth garments prescnted a potential hazard even when

no further exposures were given.

' Results of analyses for agent "pick-up" of samples taken from
suits during and after chamber tests showed no correlation with the pro-

tection given. Tho H "pick-up" for all the carbon cloths except carbon-

coatod S=38 and carbon-rayon #110 ranged from 12 - 18 Y H/em.2/1200 CT.
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B, A large chamber "man-break! test on carbon-rayon #110 was
carried out using HN=1 at CT 2000 (60 min.)s An average of 5.0+ cxposures
was tolerated. Against H, carbon-rayon #110 gave protection for 5.3 ex-
posures at GT 1200 each.

e The loss in protection given by carbon clothing as the resuld
of wear and other factors will be presented in later reports.

RECMMENDATIONS

1. It is recommended that the better types of new carbon-rayon
cloths (#148, 176, 191, 193) be considercd as supcrior to standard new

0C~2 impregnated cloth (25% binder) in the protection afforded against

H vapor.

2 It is recommended that new carbon~rayon cloths be considered
as giving good protection against HN~1 'zapor and therefore as being much
superior to CC-2 impregnated cloth in this respect.

>
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APPENDIX
Table X

Legend - Physiological Reoadings

No Reaction

Trace

Mild Erythema

Moderate Erythema

Intense Erythema

Papular Erythema

Numerous Pin-point Vesicles
Vesicle ‘

Numcrous Vesicloes

R




*

ale

ar
ash
athi
ax

bt

cf
cl
dh
dth
el
fa
igf
il
ing
I

le

Table XI

Legend - Body Arcas

Area

anterior axillary folds
anterior arms
abdomen

axillary folds
anterlor legs
anterior neck

arms

anterior shoulders
anterior thighs
axillae

buttocks

7th cervicular region
cubital fossae
clavicles

dorsum of hands
dorsal thorax
clbows

forcarms
interglutcal folds
iliac crest
inguinal reglon
lnees

legs
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Abbr.

ne
oint
paf
par
pen
ple
pne
pop
psh
pthi
sc
ser
sh
st
th
thi
umay

vth

Areca

lateral neck
latec.,al . thorax
lumbar region

neck

area covered by ointment
postoricr axillary folds
posterior arms
penis

posterior legs
posterior neck
popliteal fossac
posterior shoulders
posterior thighs
scapulae

scrotum

shoulders

upper sternum
thorax

thighs

upper medial arms
ventral thorax

wrists




Table XII
Carbon Coated (S-38)

Conditions: H at CT 1200 (60 min.); $0°F., 653 R.H.
1-1/2 layer (CC-2 impregnoted shorts).

Date Started: 7/3/LS ,
No. of Exposurcs Readings (Hours After Last Exposurc)
Tolorated 2L i)
7 E ne, ash, cf E+ ane, lne
E° st,psh,sc,dth E sh,aar,cf,pne,sc,dth
E° st,fa,dh,wr,ax,kn
6 E aar,psh E ane,lne,sh,sc,cf,af,dth
E° ne,st,ash,cf,af,ax, E°® ax,lth,vth,athi,kn,ale,pop
th,kn,cl,sc,pop
5 E ne,cf,paf,psh,Cq,sc, E ne,sh,aar,cf,ax,sc,pop
pop E° st,cl,af,vth,kn,el,C7,dth,
E° st,cl,ash,anr,ax, pthi
lm,dth
6 E ane,psh,sc E ne,st,cf,psh,sc,dth
E° st,el,of ,kn,pne,lne, E° ash,dh,wr,lth,athi,ln,ale,
01,07,dth,pop C7,pop
5 E dth E dth
E° ne,st,cf,pop E°ne,st,cf,ax,kn,cl,pop
T V ane E ane,lne,st,sh,umar,cf,lth,
E sh,cf,paf,sc,dth ln,paf,sc,dth
E° lpe,umar,lth,vth, E° fa,dh,wr,athi,ale,pnc,0l,pop
athi,kn,ale .
6 Eecf E ¢f,psh,s¢,dth,pop
E° kn E° ne,st,athi,kn,ale
AVe 600
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Table XIII
Cdarbon Impregnated (Casein Method)

Conditions: H at CT 1200 (60 min.); 90°F0' 65% RHe
1-1/2 layer (CC-2 imprognated shorts).

Datc Started: 3/20/L5

No. of Exposures Readings (Hours After Last Exposurc)
Tolerated 20 L8
8 E sh,sc,dth E sh,umar,aar,cf,ax,1th,kn,
E° ane,st,cf,ax,lth,kn, paf,cl,se,dth,lum,pop

. pop E® ane,st,athi,lc

8 E ane,ax,paf,psh,Cy,s¢, E ane,ax,paf,psh,Cp,sc,dth
dth E® lne,cf,kn,le,pbhi,pop

7 E ane,ax,paf,psh,sc,dth E anec,umar,cf,ax,lth,pnc,paf,

E° 1lnc,ash,cf,lth,athi, pah,07.sc,dth
_kn,alc,pno,el,07,pop E® st,lnc,ash,aar,fa,dh,wr,

-athi,kn,alc,pop

é E ax,psh,sc E ax,paf,psh,sc,dth

E° anc,lth,par,dth E° ane,ash,aar,cf,pne,Cy
7 E psh,sc,dth B ef,paf,psh,sc,dth

E° cf,pne,paf,c7,lum £° ane,ash,aar,umar,ax, kn,pne,

. .01,07,1um,pop

7 E psh,sc,dth E anc,paf,psh,sc,dth

E° nc,st,ax,kn E® lne,st,cf,ax,athi,kn,ale,pnc
Tt ' £&° psh,sc,dth L psh,sc,dth

E°® ne,ax
Av. 701"’

# In this and 2ll subscquent tables, denotes man withdrawn from tost
for rcasons other than a "breok!,



Table XIV
Carbon Impregneted (Improved Casein Method)

gonditions: H at CT 1200 (60 min.); 90°F,, 65% R.H.
1-1/2 layer (CC-2 impregnated shorts).

Date Started: 9/27/L5

No, of Ixposures Readings (Hours After Last Exposure)
Tolerated el Lo
2 E cf,thi,lm,le,pn0,paf,psh, E sh,cf,ax,th,-vhi,kn,cle,pop
sc,dth E°® ne,st (72 hourd)
E° ne,st,ash,aar,lth,vth,
abd
2 E thi,kn,lc,pop E thi,kn,le,pop
E°® psh,sc,dth E® ash,cf (72 hours)
2 E cf,psh,par E sh,aar,cf,1th,paf
E® ne,st,aar,sc,dth E° nc,st,sc,dth (72 hours)
2 E psh E psh
E° ne,st,ash,aar,cf, E° ne,st,sc,dth (72 hdurs)
sc,dth
1 E pthi,pop,plec E thi,kn,le,pop,pnc
BE° ne,st,athi,kn,ale E° anc,lne,st
3 E sh,ar,cf,fa,athi,kn, B+ ¢f
ale,pnf,el,sc,dbth & sh,ar,fa,ax,thi,kn,lo,pop,
E® lth,vth,pnc,pthi, paf,sc
pop,ple E° ne,st
2 E sh,aar,cf,thi,kn,le, E sh,aar,cf,th,abd,thi,kn,le,
pop,sc,dth pop,paf,sc
E° nc,st,lth,vth,abd, E° pno,par,cl,Cqy (72 hours)
par,cl
2 E ml,l(}'pthi.pop E thi,lﬂl,le,pop
E° ne,st E® psh,sc
vy 240
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Table XV

Carbon Impregnated (Methocel)

Conditions: H at CT 1200 (60 min.); 90°F, 65% R.H.
1-1/2 layer (CC-2 impregnoted shorts).

Date Started: 7/6/L5

No. of Exposures

Readings (Hours After Last Exposure)

Tolerated el Lo
L E ne,sh,sc,dth E+ anc,lne
E° st,cf,kn,07 E sh,cf,pne,paf,sc,dth
E° st,aar,fa,kn,Cq
3 E psh,sc E ano,lne,st,wr,psh,sc,dth
E® ne,st,kn E° athi,kn,le,phe
Lae E® ana,pne,paf,psh,sc, E sc,dth
dth hing no,st,sh,cf,Cy
L E ne,athi,kn,psh,sc E+ ano,lne
E® st,ash,le,dth,pthi, E athi,kn,ale,pne,p8h,sc
pop E® ash,dh,wr,cl,C7,pthi,pop,ple
L E psh,sc E ane,lne,psh,sc,dth
E°® ne,nsh,dth )iid ash,ef,athi,kn,le,pne,Cq
L E psh,sc,dth % pne,psh,sc,dth
Eo C7 Eo C-?
3 E ne,st,psh,sc E+ ane,lne
E® ash,aar,cf,kn,o0l,Cq E umor,cf,wr,lth,pne,psh,paf,
sc,dth
E° st,ash,aar,dh,athi,kn,ale,
par,cl
Ave 3.7+
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Table XVI
Costa Carbon-Rayon Cloth

Conditions: H at CT 1200 (60 mine); S0°F, 65% R.H.
1 layer (plain shorts) - Ointment used on neck.

Date Started: 5/2/LL

No. of DExposures Roadings (Hours After Last Exposure)
Tolerated 2l L3
6 (&) " E aaf,vth,ing,scr,thi E vth,ing,thi
E° aaf,lum,scr,bt
6 E ser E scr
E° bt,thi,le E° neg,thi,kn,bt,le
6 (B) E ne,scr,bt E scr,bt
E° cf E® ne,cf
6 E scr E° scr
E° bt
Av, 6

Note: To determine the effccts of desorption, sults (4) and (B) were
put on immediately aftier they were "broken®t and were worn con-
tinuously by new men, No furbther exposures were given.

{Sec Table XVII).
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Table XVII

Test for Desorption from Ixposed Costa Rayon Suits

(See Table XVI)

Conditions: Wear only, no expesure.
1 Layer. .

Date Started: 5/8/LL
Readings and Remarks

Days Suit A (6 Exp.) Suit B {6 Exp.)
1 E® 1lne No readings E° or greater
2 B he No readings E°‘or greater
3 NPV scr,lne. (Romoved E° el .
from test.)
L No readings E° or greator
5 No readings E° or greater

(Removed from test.)
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Tablo XVIII
Costa Carbon-Rayon Cloth

Conditiens: H at CT 1200 (60 min.); 90°F, 65% R.H,
1-1/2 layor (GC-2 imprognatod shorts) - Ointmont used on neck.

Date Started: 5/16/hk

No. of Ixposur.... Roadings (Hours After Last Exposure)
Tolerated N RS)
8+ E ne (oint.?) E poa
E°® se¢, ser E° anc,lnc,sScr,sc
8 E dth,sc,pne E sc,dth
E® 1th
3 I sc E sc
E° scr,dth,nec E° ne,scr
7 E lm,le,sc E nc,sc,kn
E° dth,pop,cf,nc E® cf,pop
Av, 6-54'
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Table XIX
Carbon Rayon #110

Conditions: H at CT 1200 (60 min.); 90°F., 65% R.H.
1-1/2 layer (CC-2 imprognatod shorts) - Ointment used on neck.

Date Started: 5/16/LL

No. of Exposures Roadings (Hours After Last Exposure)
Tolerateod 20 it
6 E aaf,ash,ax,kn,sc,dth E+ ne
E® cf,scr,pen E ash,dth,paf
6 E aaf,cf,ash,scyr E sh,aaf,.scr,sc,dth,pop,kn
E° s¢, dth E° ne
6 E+ scr B ser
E° ash,aaf,pen,sc,dth, E® ¢h,una ,dth
thi,le
6 E ax,dth E+ sz
E° ar E dth

E® sn,cf,ser,pop,le
Av, 6,0
Date Started: 11/7/LL

3 E sh,cl,aar E nesst,cl,sh,aar,sc,dth
E® dth,pne,el

5 - E ash,cf,sc E sh,aaf,sc
- E° psh,lum,pop E° ax,pne,lum

v, 4.0
Totel AVi 5'3
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Table XX
Carbon Rayon #1L8

Conditions: H at CT 1200 (60 m#n.); 90°F, 65% R.H.
1-1/2 layor (CC-2 impregnated shorts) ~ Ointment used on neck,

Dato Started: 10/31/h4

No. of Exposurcs Readings (Hours After Last Exposurc)
Tolerated 2l 40
63 E oint. (not included NV oint.
T in av,)
E® sh
122 E oint. (Severe E oint. (conjunctivitis)
conjunctivitis) E° psh,sc,dth
E° sh,sc,dth
9 E lum E lum
E° ne E° ne
8 E° Oint., lum E oint., lum (conjunctivitis)

{Scvere conjuncti-
vitis, not includod

in av.)
124 E oint. (laryngitis, E° oint. (laryngitis,
conjunctivitis) conjunctivitis)
63 E oint. (not included NV pno
in ave) E oint.
E® dh,wr
63 E oint. (not included E oint,
in av.)
9 E lum E lum,ne
E° ne

Av. 10|5+

Notes Seoveral of the men above wore withdrown dus to neck burns. It was
demonstrated later that the use of ointmont with carbon clothing decreases
the protection due to inecreased desorption of H. Thorefore, these men are
not included in the average. Aftcr the fifth exposure, CC-2 impregnatod
collars werc sown into the suits to prevent further burns from desorption.
In all subsequent exposures, no olntment was used and a CC-2 impregnated
hood was worn during exposure in addition to the regular hood.
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Table XXI

Test for Desorption from Carbon Rayon #148

(Sec Table XX)

Conditions: Wear only, no exposures. 3 days continuous wear.
1-1,/2 layer (GC-2 impregnated shorts.)

Tests started on day each suit was "broken! in chamber exposures.

No; of Previous Readings (Hours After 3 Days Wear)
Exposures —
in Chamber 0 2k L8
6 E°® facea ) _E° face E° face
12 E sc E® faee,no,st E psh,sc
E® face,ne,st, psh, sc E° ne,st,pthi
psh
9 E° faca E° face,ne,st E° face,no,psh
8 E° facc,ne,st No further readings aveilable
12 No readings E° or greater E® ne,st,cl
6 E pne E pne E°® face,ns,st
E® face E® face,anc,
Ine,st
6 No readings E° or greator
9 E® faceo E° face,ne, E°® face
st,psh
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Table XTI

Carbon Rayon #176

Conditions: H at CT 2L00 (60 min.); S0°F, 65% ReH.
1-1/2 layers (C3=2 impregnated shorts)

Date Started: 6/26/45

No. of Exposures Readiqggr(ﬂourw after lLast Exposuro)
Tolerated cli 40
5 E sh,umar,ef,wr,dh,vth, E ne,st,sn,ar,wr,dh,th,thi,
thi,kn,le,pno,paf,par, kn,le,paf,el,sc,pop
el,sc,dth,pop

E° ane,lne,st
N ‘ E psh,sec,dth
E° ne,st,par,el

5 E psh,par,cl,se,dth
E° ane,lna,dh,wr

5 E psh,sc,dth
E° wr,kn
Gi E° na,wr,dh,thi,kn,psh,
par,el,sc,pop,ple
N E s¢

° psh,dth

)y E zne,lne,psh,sc
E" par,cl,C7,dth

L E psh,sc,dth
E° ne,st

hv, ’Jn 5“'

CONFIDENTILL

E+ ane,lne,st
E sh,ar,fa,wr,dh,1th,thi,kn,
le,pnas,el,sc,dth,pop

E anc,lne,st,cf,wr,th,paf,
psh,par,sc,dth
E° ash,thi,kn,le,pop

E psh,sc,dth
E° ne,st,ash,cf,fa,wr,thi,
¥n,le,pop

E pthi,pop,ple
E° ne,st,psh,sc,dth

E paf,psh,sc,dth
E® no,ash,ar,thi,pop,ple

E+ an¢,lne
E psh,sc,dth
E® ash,athi,kr.,ale,pne

E pne,psh,sc,dth
E° ane,lne,st,dh,wr,athi,in




Table XXIII
Carbon Rayon #191 (PCI Carbon)

Conditions: H at CT 2400 (60 min.); 90°F, 65% R.H.
1-1/2 layer (CC-2 improguated shorts)

Date Started: 6/26/45

No. of Exposures Roadings (Hours Aftor Last Exposure
Tolerated 2l Lo

5

E s¢

E ne,st,kn,paf,psh,sc,dth

E° kn,psh E° ash,aar,cf,dh,wr,athi,ale,pop
5 E sh,thi,ln,pne,parsel, E ne,st,sh,cf,kn,paf,sc,dth,pthi,
C7,8¢,dth,pop,ple pop,ple
E° ang,lne,st,umar,dh, E°® asar,dh,wr,lth,vth,abd,athi,
wr,ale,paf ale,par,cl
3 E psh,sec,dth E pne,psh,sc,dth
E° ne,st,cf,f4,dh,wr E° ane,lne,st,cf,dh,wr,pthi,pop
5 E kn,psh,se,dth,pthi 5 sh,ar,cf,wr,1th,thi,km,le,paf,
E° ash,ar,cf,athi,le, sc,dth,pop
el,C7,pop %° ane,lne,dh,el
L E psh,sc,dth E anc,lne,sh,aar,cf,af,1th,sc,dth
i E° ash,aar,cf,pnc E° vth,thi,kn,par,el,pop,.ple
I E kn,psh,sc,dth E sh,umar,cf,dh,wr,1th,thi,ka,
E° ash,thi,pne,C7,pop, ale,pne,paf,sc,dth
ple E° ane,lne,st,pop,ple
g E sh, thi, kn, pne,sec, E -sh, umar, athi,kn, pne, paf,
dth, pop, ple par, el, sc, dth
E® ane, lne, aar, ef, E® ane, lne, st,aar, cf, dh,
dh, wr, 1lth, ale, wr, le, pthi, pop
paf, par, el
AV, bah
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Conditions:

Table XXIV

Carbon Rayon #193 (28% Carbon)

H at CT 2400 (60 min.); 90°F, 65% R.H,

1-1/2 layers (CC-2 impregnated shorts)

Date Started:

No. of Exposures

6/26/1i5

Roadings (Hours After last Exposure)

Tolerated 2L Lo
5 E sh,wr,kn,pne,paf,se, E ne,st,sh,umar,wr,thi,k,le
dth,pthi,pop,ple sc,dth,pop
E° ane,lna,st,dth,athi, I° dh,paf
ale
5 E ne,st,psh,sc,dth E pne,psh,sc,dth
E® ash,cf,dh,wr,athi, E° ane,lne,st,cf,dh,wr,athi,
kn,als,par,cl n,le,par,el :
5 E ang,wr,athi,ka,pne, E neo,st,sh,umar,dh,wr,a %1,
psh,sc,dth kn,ale,sc,dth
E° st,lne,dh,le,par,el, E° paf,el,pthi,pop,plc
pthi,pop
<" E® dh,wr,athi,kn,ale,prne, L pne
psh,par,el,sc,dth E® ane,lnc,st,ef,wr,thi.'n,le,
paf,psh,par,cl,sc,dts ,-op
5 E ne,st,sh,par,sc,dth E ne,st,sh,cf,wr,paf,sc,ilh
E® aar,cf,dh.wr,athi, E® umar,athi,kn,ale
kn,alc, ol
in V ear V ear
E ne E+ ane,1lnc
E° psh,sec,dth E pne,psh,sc,dth
E° aar,dh,wr,athi,kn
s E pne,psh,sc,dth E ne,kn,psh,sc,dth
' E° ane,lne,st,wr,dh, E° ash,umar,cf,wr,thi,le,par,
athi,kn,ale,par,cl el,pop
5 E psh,sc,dth E kn,psh,sc,dth,pop
E° ano,lne,athi,kn E°® ne,st,thi,le
Av, ).1094'
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Table XXV
Carbon Rayon #166 (223 Carbon) - Shoulder Patch Test

Conditions: H at CT 2400 (60 min,); 90°F, 65% R.H.
1-1/2 layer (CC~2 imprognatcd shorts)
Rayon #166 patch on left shoulder scapula and dorsal
thorax of a Rayon #176 suit.

Date Starteds 8/21/45

No. of BExposures Readings (Hours After Last DBxposure)
Tolerated 2l 48
2 E left psh,so,dth E left psh,sc,dth
E° right psh,sc,dth E° right psh,sc,dth
E® ne,st,athi,kn,ale E® ne,st,ash,aar,cf,thi,kn,
‘ le,pop
2 E left psh,ss,dth E left psh,sc,dth
E° anc,lne,st E° ane,lne,st
2 E left psh,sc,dth E left psh,sc,dth
E® ¢f,pne
2% E® left psh,sc,dth E°® left psh,sc,dth
E° kn,pne E® yne
Av. 2,0+
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Table XXVI
Carbon Rayon #110

Conditions: HN-1 at CT 2000 (&0 mine); 90°F, 65% R.H.
1-1/2 layer (Carbon Rayon #1U43. shorts, improvised
carbon coated gloves and socks ).

Datc Started: 8/30/LL

No. of Exposurcs Readings (Hours After Last Exposure)
Tolerated 21y 1,0
5 E sc, no E ar, sc
53 E® scr, thi, kn L ne, scr
E° kn
5 E sh, sc E sh, sc, dth
5° ser, dil, no E® n¢, scr
5 E pne E pn¢, sh
E° sc E° anec, lne, sc
5 Ene E nc, sc
E° sh
5 E sc E sc, dbh
E° ne, or I° sh, scr
Ave 500+
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